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ABSTRACT In 6 experiments, it was investigated whether the pattern of warming from storage temperature to incubation temperature affects early embryonic mortality in broiler eggs. The warming profile (WP) from 21
• C to the final incubation temperature of 37.8
• C was divided into 2 equal parts (above and below 29.4
• C) and the duration of warming in both parts was varied (3 to 17 h). In all experiments, eggs were stored for 13 to 16 d at a storage temperature of 18±2
• C. In experiment 1, embryo morphology was evaluated at several time points during a linear warming curve of 24 h from 21
• C to an eggshell temperature (EST) of 37.8
• C. Results from experiment 1 showed that during the 24 h of warming, embryos did not advance in morphological stage (P = 0.74).
Results of experiment 2 and 3 showed that the duration of the WP below 29.4
• C (3 to 17 h) had no effect on early embryonic mortality (P ≥ 0.77). Experiment 4 and 6 showed that in eggs from prime breeders, a slow WP (>12 h) above 29.4
• C resulted in lower embryonic mortality during the first 2 d of incubation (on average 5.0%) compared to a fast WP of 3 to 6 h (on average 11.3%). In experiment 6, an interaction was found between WP and breeder flock age for embryonic mortality till day 7 of incubation (P = 0.002). Warming profile did not affect embryonic mortality during the first 7 d of incubation in eggs from the young breeder flock. However, in eggs from the prime breeder flock, a WP of 12 h in the first part of warming, followed by 17 h in the second part of warming (WP12-17) had 6.2% lower embryonic mortality in the first 7 d of incubation compared to WP12-3. It can be concluded that a slower WP above 29.4
• C reduces early embryonic mortality in long stored eggs, especially those of prime breeder flocks. At this moment, it remains unclear which mechanisms are involved in this phenomenon.
INTRODUCTION
Storage of hatching eggs is a common procedure at farms and hatcheries worldwide. Commercial broiler hatcheries strive to set their eggs after 3 to 5 d of storage to minimize negative effects of egg storage on hatchability and chick quality (Reijrink et al., 2008 (Reijrink et al., , 2010a . However, in hatcheries that produce (grand) parent flocks, egg storage can be longer than 7 d to obtain the requested flock size (Proudfoot, 1969) . Additionally, broiler hatcheries sometimes need to increase the storage duration due to variations in the supply of hatching eggs and/or the market demand for day-old broiler chickens. To reduce negative effects of prolonged egg storage (>7 d) on hatchability and chick quality, several pre-incubation treatments have been studied. Prestorage incubation (Meir and Ar, 1998; Fasenko et al., 2001a,b) or short periods of incubation during storage (SPIDES; Nicholson et al., 2011; Dymond et al., 2013) C 2018 Poultry Science Association Inc. Received February 21, 2018. Accepted May 31, 2018. 1 Corresponding author: ivroovert@hatchtech.nl have demonstrated to reduce negative effects of prolonged egg storage. In addition, Reijrink et al. (2010a) showed that the temperature profile used to warm eggs (warming profile; WP) from storage temperature to incubation temperature affects early embryonic mortality and hatchability in long-stored eggs as well. They showed that early embryonic mortality was lower when eggs were linearly warmed from storage temperature to an eggshell temperature (EST) of 37.8
• C in 24 h instead of warming eggs as quickly as possible in 4 h. The reason why the slower WP decreased early embryonic mortality and increased hatchability is unknown, but might be related to the cellular changes or changes in the morphological stage of the embryo during the WP.
The temperature at which no developmental changes occur in the chicken embryo is called 'the physiological zero' and is reported to be either 20
• C to 21
• C (Edwards, 1902) or 24
• C to 27
• C (Funk and Biellier, 1944) . Both studies probably refer to morphological changes and not to cellular changes. Arora and Kosin (1968) have shown that there is cellular activity (start of mitosis and cell death) also below 20
• C. This suggests that there is a temperature range in which mainly 4083 cellular activity takes place and a temperature range in which mainly morphological changes occur. In a preliminary study (experiment 1 in the current paper), we demonstrated that only morphological changes further than stage XIII E. G & K (Eyal-Giladi and Kochav, 1976) occurred when the temperature increased above 28.3
• C during a warming process at the start of incubation. Based on these findings, we have distinguished a part of the WP where embryos did not advance in morphological stage and a part where embryos did advance in morphological stage. For that reason, the WP in experiment 2 till 6 was split into 2 equal halves from storage temperature to the final EST of 37.8
• C. Effects of storage duration on hatchability are influenced by breeder age (Yassin et al., 2008) . Because embryos of young breeders seem to be more sensitive for long storage, it can be hypothesized that the effect of the pattern of WP on embryonic survival might be larger for young breeders than for old breeders.
The first aim of the current study was to investigate which part of the WP from storage to incubation temperature affects early embryonic mortality in long stored eggs. The second aim was to investigate whether the effect of WP for long-stored eggs is influenced by breeder age and/or egg weight.
MATERIALS AND METHODS

Experimental Design
In total 6 consecutive experiments were performed. In all experiments, Ross 308 broiler breeder eggs were stored for 13 to 16 d at a storage temperature of 18±2
• C. During storage, eggs were set on a setter tray and were not turned. After storage, different WP were used to warm eggs from 21.0
• C (during handling and transport temperature increased from 18.0
• C to 21.0 • C) to an EST of 37.8
• C, which is considered to be the optimal incubation temperature (Lourens et al., 2005) . In each experiment, the WP was divided into 2 equal temperature parts: below 29.4
• C and above 29.4
• C. The duration of the 2 parts was variable per experiment. Each WP was applied in one of 6 identical custom made setters (HT-1408 or HT-4800, HatchTech Incubation Technology B.V., Veenendaal, the Netherlands).
Per setter HT-1408, 5 eggs obtained a temperature sensor (NTC thermistors: type DC 95, Thermometrics, Somerset, UK). Heat conducting paste (Dow Corning 340 Heat Sink Compound, Dow Corning GmbH, Wiesbaden, Germany) and a piece of tape were used to attach the 5 sensors to the equator of the individual eggs. Per setter HT-4800, 4 eggs obtained a temperature sensor (NTC Thermistors: type DC 95, Thermometrics, Somerset, UK) as described above. After eggs had reached an EST of 37.8
• C, this EST was maintained for 6 to 7 d of incubation, based on the median temperature of the 5 eggs (HT-1408) or the average temperature of the 4 eggs (HT-4800). Throughout incubation, carbon dioxide concentration did not exceed 0.35% and relative humidity (RH) was maintained between 50 and 55%. Eggs were turned over 90
• every hour. Experiment 1 finished at the end of the WP. Experiments 2 to 6 finished at day 6 or 7 of incubation.
Experiment 1
Aim of the first experiment was to investigate changes in the morphological stage of embryo development when eggs were warmed linearly from storage temperature to an EST of 37.8
• C in 24 h. One hundred hatching eggs from a 40 wk old Ross 308 broiler breeder flock were used. After a storage period of 16 d, eggs were transported on pulp trays from the hatchery to the research facility of Wageningen University and Research (handling and transport: approximately 2 h). Eggs were set in an incubator (HT-1408, HatchTech Incubation Technology B.V., Veenendaal, the Netherlands). The 100 eggs were equally divided over 2 incubation trays that can contain 88 eggs each. Eggshell temperature was increased from 21
• C to 29.4
• C in 12 h and from 29.4
• C to 37.8
• C in 12 h (named WP 12-12). During the WP, carbon dioxide concentration did not exceed 0.05% and RH declined from 80 to 45% due to temperature increase.
Experiment 2
Aim of the second experiment was to investigate the effect of the duration of the first part of the WP (21.0
• C) on early embryonic mortality. One thousand fifty-six hatching eggs from a 39 wk old Ross 308 broiler breeder flock were used. After a storage period of 15 d, eggs were transported on pulp trays from the hatchery to the research facility of Wageningen University (handling and transport approximately 2 h). Eggs were set in 1 of 2 identical incubators (HT-1408, HatchTech Incubation Technology B.V., Veenendaal, the Netherlands). In both incubators, eggs were equally divided over 6 incubation trays that can contain 88 eggs each. In one incubator, EST increased from 21
• C in 4 h and from 29.4
• C to 37.8 • C in 12 h (WP4-12). In the other incubator, EST increased from 21
• C to 37.8 • C in 12 h (WP12-12). During the WP, carbon dioxide concentration did not exceed 0.05% and RH declined from 60 to 30% due to temperature increase.
Experiment 3
Aim of the third experiment was to investigate the effect of the duration of the first part of the WP (below 29.4
• C) on early embryonic mortality in interaction with breeder age.
Six thousand hatching eggs from 2 Ross 308 broiler breeder flocks, aged 30 and 43 wk were used. After a storage period of 13 d, eggs were set in 1 of 4 identical incubators (HT-4800, HatchTech Incubation Technology B.V., Veenendaal, the Netherlands). Each incubator contained 10 incubation trays of 150 eggs each, 5 trays containing eggs from the young breeder and 5 trays containing eggs from the prime breeder. Trays of the 2 different breeder ages were set alternately in each incubator. Two of the 4 available EST sensors per incubator were attached to eggs from the young breeder flock (30 wk) and 2 to eggs from the prime breeder flock (43 wk). Per incubator a different WP was used. Eggshell temperature increased from 21
• C in 3, 8, 13, or 17 h and from 29.4
• C in 12 h (WP3-12, WP8-12, WP13-12, and WP17-12, respectively). During the WP, carbon dioxide concentration did not exceed 0.1% and RH declined from 65 to 40% due to temperature increase.
Experiment 4
Aim of the fourth experiment was to investigate the effect of the second part of the WP (above 29.4
• C) on early embryonic mortality.
One thousand fifty six hatching eggs from a 41 wk old Ross 308 broiler breeder flock were used. After a storage period of 16 d, eggs were transported on pulp trays from the hatchery to the research facility of Wageningen University & Research (handling and transport approximately 2 h). Eggs were set in 1 of 2 identical incubators (HT-1408, HatchTech Incubation Technology B.V., Veenendaal, the Netherlands). In both incubators, eggs were equally divided over 6 incubation trays that can contain 88 eggs each. In both incubators, EST increased from 21
• C in 12 h. In one incubator, EST subsequently increased from 29.4
• C to 37.8 • C in 6 h and in the other incubator in 12 h (WP12-6 and WP12-12, respectively). During the WP, carbon dioxide concentration did not exceed 0.05% and RH declined from 65 to 35% due to temperature increase.
Experiment 5
Aim of the fifth experiment was to investigate the effect of the second part of the WP (above 29.4
Six-thousand hatching eggs from 2 Ross 308 broiler breeder flocks, aged 32 and 41 wk were used. After a storage period of 15 d, eggs were set in 1 of 4 identical incubators (HT-4800, HatchTech Incubation Technology B.V., Veenendaal, the Netherlands). Each incubator contained 10 incubation trays of 150 eggs each, 5 trays containing eggs from the young breeder and 5 trays containing eggs from the prime breeder. Trays of the 2 different breeder ages were set alternately in each incubator. Two of the 4 available EST sensors per incubator were attached to eggs from the young breeder flock and 2 to eggs from the prime breeder flock. Per incubator, a different WP was used. Eggshell temperature increased from 21
• C to 37.8 8, 13, respectively) . During the WP, carbon dioxide concentration did not exceed 0.1% and RH declined from 65 to 40% due to temperature increase.
Experiment 6
Aim of the sixth experiment was to investigate the effect of the second part of the WP (above 29.4
• C) on early embryonic mortality in interaction with the effect of breeder age and the effect of egg weight class and was set up as a 2 × 2 × 2 factorial design. Breeder flocks used were 31 and 41 wk of age and egg weight was divided into 2 classes (55 to 61 g and 63 to 69 g) within each breeder age. Per breeder and egg weight class combination 1,331 to 1,799 eggs were used.
After a storage period of 14 d, eggs were set in 1 of 4 identical incubators (HT-4800, HatchTech Incubation Technology B.V., Veenendaal, the Netherlands). Each incubator contained eggs from the 2 breeder ages, but only eggs from 1 egg weight class. Eggshell temperature increased from 21
• C in 3 or 17 h (WP12-3 and WP12-17, respectively). In 2 of the 4 incubators the same WP was used, whereas the other WP was applied to the other 2 incubators. During the WP, carbon dioxide concentration did not exceed 0.10% and RH declined from 43 to 35% due to temperature increase.
Measurements
In experiment 1, the intention was to determine the morphological stage of embryo development of 20 viable embryos per measurement at 0, 6, 12, 18, and 24 h after the start of the WP. In experiment 6, morphological stage of embryo development was determined in 15 eggs per measurement at the last day of storage. Stage of embryo development was determined according to the classification table of Eyal-Giladi and Kochav (1976) and Hamburger and Hamilton (1951) . The filter ring technique as described by Gupta and Bakst (1993) and Dymond et al. (2013) was used to isolate the embryo from the perivitelline membrane. An egg was opened and albumen and yolk were separated without breaking the yolk. A filter ring was positioned on the perivitelline membrane with the embryo positioned in the middle of the open ring. With a small scissor the perivitelline membrane was opened alongside the filter ring. The ring with the perivitelline membrane and the attached embryo was placed in a Petri dish with buffered saline. To remove yolk residue the embryo was flushed with buffered saline. The dorsal and ventral side of the embryo was examined with a stereomicroscope (Olympus SZ61, Olympus Nederland B.V., Zoeterwoude, the Netherlands). The appearance of the embryos was compared with pictures of the embryos in Eyal-Giladi Figure 1 . 4 stages used to macroscopically determine infertility or the moment of embryonic mortality. A = infertile egg and some very early embryonic mortality, B = embryonic mortality during the first 2 d of incubation (white membrane visible), C = embryonic mortality at day 3 of incubation (bloodring visible), and D = embryonic mortality during day 4 till day 6 or 7 of incubation (black eye visible).
and Kochav (1976) and Hamburger and Hamilton (1951) .
In experiments 2 till 6, eggs were candled at day 6 or 7 of incubation and clear eggs were opened to macroscopically determine infertility or the moment of embryonic mortality. Embryonic mortality was divided in mortality during the first 2 d (white membrane), day 3 (bloodring), and during day 4 till 6 or 7 (black eye) as described by Reijrink et al. (2009) and as shown in Figure 1 . Because infertility and embryonic mortality is determined macroscopically it might happen that embryos that died very early, before the appearance of a white membrane, were classified as infertile eggs. When storage time increases very early embryonic mortality classified as infertile can increase (Reijrink et al. 2010a,b) . For this reason the effect of WP on fertility is presented in the results.
Statistical Analysis
In experiment 1, morphological stage of embryo development was analyzed using logistic regression analysis (SAS institute Inc., 2004) with duration of warming (0, 6, 12, 18 , and 24 h) as class variable. In experiment 6, morphological stage of embryo development was analyzed using logistic regression analysis (SAS institute Inc., 2004) with breeder age, egg weight class, and their interaction as class variables. In both experiments, embryo was used as the experimental unit.
In experiments 2 to 6, percentage of infertile eggs and percentage of embryonic mortality at day 1 to 2, day 3, day 4 to 6 or 7, and total embryonic mortality between day 1 and 6 or 7 were analyzed using general linear regression analysis (PROC GLM, SAS Institute Inc., 2004). In experiments 2 and 4, WP was used as the class variable, in experiments 3 and 5, WP, breeder age, and their interaction were used as class variables and in experiment 6, WP, breeder age, egg weight class, and their interactions were used as class variables. In experiments 2 to 6, egg tray was used as the experimental unit for analyses of fertility and early embryonic mortality. Fertility and early embryonic mortality data are expressed as least squares means ± SEM. Least squares means among treatments were compared using Bonferroni adjustments for multiple comparisons. All main factors and interactions were analyzed for significance at P ≤ 0.05.
RESULTS
Experiment 1
During the 24 h of warming, embryos did not change in morphological stage of embryo development (P = 0.74; Table 1 ).
Experiment 2
WP4-12 had 2.0% more embryonic mortality at day 3 of incubation than WP12-12 (P = 0.02; Table 2 ), whereas fertility and embryonic mortality at the other days did not differ between treatments (P ≥ 0.41).
Experiment 3
No interaction between WP in which the duration between 21
• C and 29.4
• C was varied and breeder age was found for fertility and embryonic mortality (P ≥ 0.70; Table 3 ). Warming profile did not affect fertility and embryonic mortality during the first 2 d, at day 3, between day 4 and 7, or total embryonic mortality during the first 7 d of incubation (P ≥ 0.30).
Fertility was 1.5% higher for the young breeder flock than for the prime breeder flock (P < 0.001). Embryonic mortality during the first 2 d was 0.7% lower for the young breeder than for the prime breeder (P = 0.02). Breeder age did not affect embryonic mortality at day 3, between day 4 and 7 of incubation, and total embryonic mortality during the first 7 d of incubation (P ≥ 0.12).
Experiment 4
WP12-6 in comparison to WP12-12 had 2.8% less fertile eggs (P < 0.001; Table 4), 9.0% more embryonic mortality during the first 2 d (P < 0.001), and 8.6% more embryonic mortality during the first 6 d of incubation (P = 0.002). Warming profile did not affect embryonic mortality at day 3 and between day 4 and 6 of incubation (P ≥ 0.68). 
Experiment 5
No interaction between WP in which the duration between 29.4
• C and 37.8
• C was varied and breeder age was found for fertility or embryonic mortality (P ≥ 0.22; Table 5 ).
Warming profile did not affect fertility and embryonic mortality during the first 2 d, at day 3, between day 4 and 7 of incubation, and total embryonic mortality during the first 7 d of incubation (P ≥ 0.09).
Fertility was 1.6% lower for the young than for the prime breeder flock (P < 0.001). Total embryonic mortality during the first 7 d of incubation was 3.7% higher for the young than for the prime breeder flock (P < 0.001), due to a higher embryonic mortality during the first 2 d (Δ = 2.0%; P < 0.001), at day 3 (Δ = 1.1%; P = 0.007), and between day 4 and 7 of incubation (Δ = 0.5%; P = 0.02).
Experiment 6
No interaction was found for morphological stage of embryo development at the last day of storage between breeder age and egg weight class (P = 0.98; data not shown). Morphological stage of embryo development was more advanced for the prime breeder than for the young breeder (average developmental stage 10.1 E.G & K vs. 10.8 E.G & K; P = 0.004). Egg weight did not affect morphological stage of embryo development (P = 0.32).
No three-way interaction between WP, breeder age, and egg weight class on fertility or embryonic mortality was found (P ≥ 0.37).
An interaction was found between WP and breeder age for embryonic mortality at day 3 (P = 0.046; Table 6 ), but after correction for multiple comparisons differences disappeared.
An interaction was found between WP and breeder age for total embryonic mortality during the first 7 d of incubation (P = 0.002). Total embryonic mortality during the first 7 d of incubation with WP12-3 in the prime breeder flock was higher than in the other combinations of WP × breeder age (Δ = +5.3% on average).
An interaction was found between WP and egg weight class for embryonic mortality between day 4 and 7 of incubation (P = 0.010). Embryonic mortality between day 4 and 7 of incubation was higher for large eggs warmed with WP12-3 than for all other combinations of WP × egg weight class (Δ = +1.2% on average).
An interaction was found between breeder age and egg weight class for fertility (P = 0.004). Fertility of the large eggs did not differ between both breeder ages, but in the small eggs, fertility was lower in the young breeder compared to the prime breeder (Δ = 3.5%).
Embryonic mortality during the first 2 d of incubation was 2.5% higher for WP12-3 than for WP12-18 (P < 0.001).
Embryonic mortality between day 4 and 7 of incubation was 0.6% (P = 0.02) higher for the prime breeders than for the young breeders. Embryonic mortality at day 3 was 1.2% (P = 0.008) higher for the small eggs than for the large eggs.
DISCUSSION
The first aim of the current study was to investigate which part of the WP from storage temperature to incubation EST affects early embryonic mortality in long stored eggs: the first half of the WP; from 21.0
• C to an EST of 29.4
• C or the second half of the WP; from an EST of 29.4 to an EST of 37.8
• C. The second aim of the current study was to investigate whether the effect of WP on fertility and embryonic mortality for long-stored eggs is influenced by breeder age and/or egg weight class.
In experiment 1, no advance of embryo morphological development was found during a linear WP of 24 h (P = 0.74). However, when the temperature increased above 28.3
• C some embryos advanced further than stage XIII E.G & K (Eyal-Giladi and Kochav, 1976) during the WP. Therefore, the WP in experiment 2 till 6 was split into 2 equal halves from 21
• C and from 29.4
• C to the final EST of 37.8
• C. It was assumed that embryos advanced in developmental stage above 29.4
• C, because this also happened in experiment 1 above 28.3
• C. Results of the experiments showed that the WP below 29.4
• C did not affect embryonic mortality till day 6 or 7 of incubation, however the WP above 29.4
• C seems to affect embryonic mortality. Elibol et al. (2002) showed that warming eggs for 10 or 18 h in a setter kept at 26
• C after storage resulted in lower embryonic mortality during the first 6 d of incubation in comparison to no warming treatment. In an operating setter, which is already at 26
• C, eggs are probably internally at 26
• C very soon, meaning that the internal egg temperature was probably 26
• C for the majority of the period of 10 to 18 h. The procedure of Elibol et al (2002) differed from the procedure that was used in the current experiments. The similarity between the study of Elibol et al (2002) and the current study is that embryos were held for a period of time at a temperature above 'physiological zero', but below the optimal incubation EST of 37.8
• C (Lourens et al., 2005) . In the temperature range between 'physiological zero' and optimal incubation temperature, the advance to the next developmental stage probably depends on the combination of temperature and duration of temperature exposure. It can be assumed that in both studies changes occurred in the embryo (morphological or at cellular level) that is beneficial for the continuation of embryonic development in the beginning of the incubation process and improves the survival rate during incubation. However, the reason why this is beneficial is still unknown.
According to the results of experiments 4, 5, and 6, it appeared that a slower WP above 29.4
• C resulted in lower early embryonic mortality, especially in eggs from a prime breeder flock instead of a young breeder flock. First, potential reasons for the lower early embryonic mortality for the slower WP between 29.4
• C will be discussed, followed by potential reasons to explain different results between young and prime breeders.
Several authors measured cell death (apoptosis and necrosis) during storage in the chicken embryo Kosin, 1967, 1968; Konishi and Kosin, 1974; Bloom et al., 1998; Bakst and Akuffo, 1999; Hamidu et al., 2010; Reijrink et al., 2010b; Dymond et al., 2013) . It can be speculated that an embryo needs a minimum number of viable cells to continue embryo development and growth successfully at the onset of incubation (Fasenko, 2007; Reijrink et al., 2008; Hamidu et al., 2011) .
Apoptosis occurs in the normal morphodifferentiation of the embryo, but it also increases as a response of the embryo to the stresses of prolonged cool egg storage (Bakst et al., 2016) . The number of embryonic cells and the differentiation level of cells are linked to the stage of embryo development (Reijrink et al., 2010b) . By increasing the temperature, several developmental steps are made within the embryo. When an embryo develops from stage VII E.G & K to X E. G & K (Eyal-Giladi and Kochav, 1976) during the uterine period, the metabolic activity increases due to the first morphogenetic process in chick development, namely the cell shedding process that results in the Table 6 . Effect of warming profile (WP) from 21.0
• C to final eggshell temperature of 37.8
• C, breeder age (young and prime flock), and egg weight class on fertility and early embryonic mortality of broiler breeder age (Experiment 6). formation of the area pellucida and area opaca; two areas typical for a stage X E.G & K embryo. During this cell shedding process, glycogen that was stored in vesicles when embryos developed from stages I E.G & K till VI E.G & K is used (Eyal-Giladi, 1984) . Depending on the embryonic developmental during storage, it can be speculated that the energy availability in the cells at the start of incubation affects the ability of the embryo to continue embryo development and growth successfully at the onset of incubation. In case glycogen or energy availability at the onset of incubation is too low, the embryo is not able to continue the cell division and will die.
From stage IX E.G & K onward, mitochondria, ribosomes, and rough endoplasmic reticulum were found in embryonic cells (Eyal-Giladi et al., 1979) . It seems, therefore, that organelle differentiation is started including the nucleolar activity. Organelles differentiation is different between developmental stages. Organelles are more differentiated in double layered embryos (embryos that completely formed the hypoblast; XIII E.G & K) than in single layered embryos (embryos before hypoblast formation; <XIII E.G & K) (Raveh et al., 1971) . Embryos in which organelles differentiation is further advanced might have more ATP available during storage and during the WP. The metabolic rate of cells depends on temperature: the lower the temperature the lower the cellular activity (Arora and Kosin, 1968) . A benefit of a slow WP might be that the metabolic cell activity slowly increases and that the balance between the metabolic cell activity and development to next developmental stage which also means further organelles differentiation is optimized after a long storage period in which cell aging occurred. This might be beneficial especially during the first 12 h of incubation when the crucial hypoblast and primitive streak are formed (Hamburger and Hamilton, 1951) .
Experiments in which SPIDES treatments were used to improve hatchability in long-stored eggs also showed that advancing the morphological stage of embryo development from stage X E.G & K to HH3 by incubating eggs for several short periods of time during storage reduced embryonic mortality and improved hatchability (Dymond et al., 2013) . Dymond et al. (2013) suggested that SPIDES was resetting the storage time. Results of Bakst et al. (2016) showed that certain stagespecific genes associated with apoptosis were differently expressed in embryos of eggs stored for 21 d and incubated for 4 h on storage d 6, 12, and 18 (SPIDES) than in embryos of eggs stored for 21 d but not incubated during the storage period. Embryos in eggs stored for 21 d, but not incubated during the storage period had some gene expression that probably increased apoptosis as a response to the stresses of prolonged egg storage and might be related to embryonic mortality that occurs due to prolonged eggs storage. However, the SPIDES treatment showed similar gene expression as short stored embryos in similar stage of embryonic development (stage HH2, Hamburger and Hamilton, 1951) . Storage duration and SPIDES treatment seem to affect expression of stage-specific genes associated with apoptosis, it can be hypothesized that a WP also has an effect on the expression of genes associated with apoptosis.
In the current study, embryos from a prime breeder flock seemed to benefit more from a slow WP than embryos from a young breeder flock. Just before incubation, embryos from the prime breeder flock were further developed than embryos from the young breeder flock (10.8 E.G & K vs. 10.1 E.G & K). This difference in embryonic stage was very small and does probably not explain why embryos from a prime breeder flock seem to benefit more from a slow WP than embryos from a young breeder flock. Hatchability of a prime breeder flock (approximately 40 wk) is normally higher than a young and old flock (Yassin et al., 2008) . In the experiments in the current study, difference in breeder age was biased with breeder flock (experiments 3, 5, and 6). It is therefore possible that other differences between breeder flock than breeder age affected the results in the experiments. Breeder flock differences might be the reason for finding an interaction between WP × breeder age in experiment 6 and not finding this interaction in experiment 5.
It can be concluded that a slow WP above 29.4
• C can be an effective method to decrease negative effects of long egg storage on early embryonic mortality. At this moment, it remains unclear which mechanisms are involved in this phenomenon and whether a linear two phases WP is the most optimal or not.
